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RADTATION EMVIRONMENT IN SPACE

Introduction

In the last few years, data have begn gatherad which indicate that
one of the major environmental factors which must be considered for any
‘space vehicle is théi of radiation. The radiation énviroﬁment has lzxsn
found to be an important consideration not only for those vehicles wh:ch
. carry 5 react9§4oh béérd for_propulsion ar power but for all vehicles
éincé.théy‘will be exposed to the indigenous'rad;ations in space (i.e.
éalacticAcosmic rays, solar protons, geomagnetically trapped radiation).

Bﬁ_baa}d-feagﬁé¥fsourcéé present, }ﬁ‘generél, a fixed source of
radiation with the intensity of the leaskage radiation being dependent
t»ﬁpén tﬂé time pfofilé of the power but with the spectrai, angular, and
fspatiél diSFribﬁtions remaininérmore or less constant and:determined to
a large degree by the geometry of the particular vehicle. On the other
ﬁahd; Fﬁe_va;ious coﬁ%openééjof‘the'indigeqoﬁs radiatiqns Arg known to
vary great}y in spectral, angular, and spatial distributions as well as
in composition depending upon position and time,

' ‘Tﬁé;purpose‘of this paper is to convey in §imple-£erms the current
picture of the important components (for space vehicle design) of the
indigenous radiétion fields in spéce, iﬁcluding galactic cosmic radia-
t;cn, éolar cosmic radiation (solar protons), and the'geomagneticallyA
trapped radiation both from natural origin and ﬁrom the July 1962 high

altitude nuclear detonation.
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Calactic Cosmic Radiation

Galactic cosmic radiation presents a more or less constant (except

for solar modulation) environmental factor to which any space vehicle

wiilibe>éﬁbjeqted. Froﬁ.high altitude balloon and rocket measurements

over  the last decade or so the particle composition of the primary radi-

" ation has been gtiite well determined, Also, uéihgféhe earth's maghetic

‘field as'a'momeﬁtum'selector; the energy spectrum has been determined.

The composition of the primary cosmic radiation which consists

'largely‘of‘energefic nuclei which have been stripped of their electrons

* ‘has been found to be as follows; ~~857 hydrogen, ~~127 helium, ~~1%

in the carbon-nitrogen-oxygen group, ~ 0.25% in the lithium-beryllium-

" - boron group, -~ 0.25% neon and heavier, ‘High energy electrons constitute

A':thé remainder of the total flux,

. The energies of the primary particles extend from below 10 electron

R R - 19
- volts to as high as about 10  electron volts, All the charged components

" have been observed to exhibit energy spectra of the same form in the high-

energy region (E >3 Bev), which may be represe‘nte;i for a given Z by

<
G+e)?

) ’ : - 2 .
where N(> E) is the flux in particles/cm -sec-ster with energy > E, E

N(>E) =

is the energy per nucleon in Bev, " is a constant which is inde- °-

pendent of Z (atomic number) and C is a constant. In the energy region

between 300 Mev and 3 Bev the various components seem to have similar

. spectral forms when expressed in terms of magnetic rigidity while at

ehérgies below 300 Mev the spectral form is questionable,
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The angular distribution of the galactic cosmic rays has been found
“to be isotropic, With the total flux being about 2 c:m"z-'s;ec'l at solar
. : o > i1 .
maxinuim and about &4 em . -sec - at solar minimum. ' The galactic cosmic

ray 1nten%ity has been shown to undergo modulat:ons which may be cor=

- related with solar activ1ty. &ne such modulation is that cennected w1th
.lljyeer‘solar cycle. The correlation, here, with eolar activity is a
negatlve one - that lS, the cosmic ray lnten51ty decreases as solar
activity 1ncreaees. As indicated above, a vaiiation in flux of about

fa factor of 2 is obsetved over the solar cycle. In.addition to the 1ll-
year cycle modulation the galactic cosmic ray 1ntensity is subject to
;tathet sudden decreases: These short term changes are called Forbush
”decfeaseé and na§ beacorrelated with 1arge magnetic storms.d These de-
:creases whlch usually oceur at times of high solar activity ;eSu}t in

a 25% to 30% decrease in the already reduced 1nten51ty.' In both types

“of modulatlons it is prlnc1pally the lover energy partlcles which are

~affected
\§ince the primary cosmie:berticies apperently originetelfor the

most part from sources external to our solar system and are observed
te be isotrepic‘it‘is'obvious that they should be expected to present
essentially a constantienQironnent'fot arepace vehicle regerdless of
. its location. Fortunately, however, the intensity of the radiation is
Aee email that it dees not deserve any great concern from the peint of
N

view of radiation danege to components or materials and perhaps only

“}imited concern as far.as man is concerned at least for short missions,

3.
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The'ehérgy'flux at the vicinity of the earth o er 2 stcradians is
-3 2 -1 ‘ , , 3
~ 7°x 10 = ergs-cm -sec = with the energy density being ~ 0.6 ev/em
‘about that of starlight.
It is indeed fortunmate that the flux of these particles is not

latge sinee Eheir very high enecrpies male ERew very diffieult Es ashisld

against,

: Solar Cosmic Radiation

Aﬁother éfpe‘éf radiatibn-énvironment.whiéﬁ one would épparently
_encounter throughout the solar system is the solar cosmic radiation or
| ‘“solaé prptqné;”‘_These nameéAére used éo describe. the iarge fluxes of
"T éﬁefgetic 5a;tiéieé.whiéh A%e 6gserVea to reach the vicinity’of the
earth.following.a‘portion of ‘the intense solar flares which occur on
thgysﬁgfgce of the ;pﬁ; ’

Wﬁile tpe gaiactic cosmic raq;ation has been kndyn and studied for
- many years the,sol;r cosmié radiation was discgvereé less than 20 years
ago.éhd'haé beenbstﬁdied‘in dé%ail only’fqr the-last 7 yearsl Such stud-
ies h;ve utilized ground level neutron and radio absorption measurements
és-weil as ﬁéasurements made on high-altitude balloons, satellites and
space probes.

The particles observed following a solar outburst are predominantly
protons whose energies extend to as high as se?eral Bev in some cases -

hence, the name "solar protons."
»

In each event, however, particles
heavier than protons appear to be present. The relative number of

heavier particles (mostly alpha particles) varies greatly from event to event.

4,



¥

 Figure 1 sgows the time of occurrence and the relative ﬁégnitude
of 29 solar proton events during the yeéars 1956 through 1961 which ex-
hibited an integrated intensity of greater than 106 protons/cm2 for
anefgies greater than 30 Mev, :The figure iélbased on data given in
Reference 1, There are sevefél ebservations which may be made from
tbis_figure. The spora&ic nature of the time intefval tetween events
"is notable with the "bunching" of events being the result of several

éutbursts originating in the same active region on the sun. As a matter
of fécg, ﬁhe e;ents shown represent only 16 active regions with 90Vpercent
of all the solar cosmic rays during the six year period having originated
in. only four of those regicﬁs. .Also of interest is the fact that none |
'éf'the largest events occurred during the years of solar maximum (1957-58)
but? instead, occurred on either side of the maximum particularly on the
2‘Aecréaéing si&e. théble ié the relativély long period between the
occurrences of active cente;s which have produced such large events,
.8ince the lengéh of time over wﬁich detailed observatiéns have been

“made i%ismalitahdxtﬁg statiggiés are fe&?-it céﬁnot’be séid wiﬁh any de-
gre@aofacertaiﬁty,that the .largest events>which are possible ‘have been
ﬂobservéd.k.Alsé?tit is obviously improper to correlate size or frequency
cf‘events V;th sun spot cycles when one considers th;t detailed obser-
vations have been made during but one such cycle,

Figure 2 (taken from Reference 1) shows the yearly integrated inten-

sities of solar particles above 100 Mev as well as 30 Mev compared with
the total yearly integrated intensitites of galactic particles. It is

obvious that the lérge events constitute the majof'part of the flux.

- 5.




8/E1 - £9AY VSYN |

1961 0961 | 6561
B o T T ——
0
. . .Ho_E
| (AIW.0E< 3)
W/ SNOLOYd
8561 1561 . 9561
______._.C___L,__.__.__________.Aw____:__ué
. 2
”_93

S3UBAY UOIITIpEY STwso) IB[0§ FO A3Tsusijul pue Asuanbaxg 1 2andrg




89€1 - E2AY VSYN

V101

LXLy 01X 8T o 0IX172 0¢
0IXT ,01Xee 0L X [T S 1961
,01%8 g0 X TP s01X G 8 0961
LOTX9 Q01X 276 LOIX 1 y 6561
,01X9 L0IXP°T LOIXT 9 9561
01X/ OTX6°T GO XY YOV 1561
QUXT ™ 0TXg ,01%3 7 9561
(WD J STIO1LEVA) AJW 00T < MW OE < SINIAT 40 SN
ALISN3INI G3LVY93IN] {zWD [ STI0114vVd)

SAVY JIWS0J J1LIVIVI

ALISNAINT Q3LVHOIIN]
SAVY JIWSO0D dVYI0S

dIGWNN

SAVY JIWS0J 2113V1vO 40 ANV AJW 00T ANV 0€
JA0AY SITOYINT HLIM SAVY ITWSOD UVIOS 40 SITLISNIINT GILVHOIINT ATIVIA

*Z 2an31g




Solar protou events ave charactarized, in gereral, by a relatively

.o

rapid rise to maximum intensity followed by a slower decav, However,
Ehe time constants_associated with these characteristics along with the
';ime from the flare occurrenée to the arrival of particles vary from
éveat te avent and with ensrgy., The delay ifi_pafticla arrival as well
as thg_rise time may vary frém a few minutes for “igh energy particles
in qne’évent to many hours for low energy particlesAin another. The
&ecay in intensity may be represented (Ref. 2) by an expression of the

form L , -é%
T(e) = Iman(E)e 7

where I(E) is the intensity at time, t after Inax(g) of particles having
. . N L B .

o

energies greater than E, and t. is the 'decay time" which is a function -

6]

of energy, E, and varies from event to szvent, The decay time may range

"from 3-4iﬁbﬁ€s for high energy particles in one event to 2-3 days for
low energy particles in ancther,

Since the decay time, tbe delay time for particle arrival, anda the
rise time are functions of energyv it is cbviocus that the energy spectrum
for.a given event ﬁust change with time. Indeed, the spectrum does vary,
becoming softer and softer with time throughout an event.

A specrtral and intensity variation for a 'typical" large sclar
fiafe event has Been proposéd by Dr. D. K. Bailey (Ref, 3). This hygo-
thetical solar pfoton e?ent represents an altempt at corvelating con-

tinuous radio observations with direct bailoon, satellite, and rocket

observations, A cross plot of Bailey's flux versus epergy curves

6.



{time as a parameter) are shown 1n Fieuve 30a) in the form of integral

flux as'a function of time with energv as the parameter. The dashed

portion of the curves represent extrapolations in time beyond that given

bv Pailey, Many of the typical characteristics discussed earlier are

illustrated by the eurves, The totally dashed curve represemts & eurve
derived by Fiéhtel, Guss, and Ogilvie (Ref, 4) to envelope the highest
fluxes greater than 100 Mev which have been experimentally observed for
solarfproton events to date and is included for comparison with the.
Lailey "typical” event., The time integrated integral and>diffe§ential
spectra derived from the curves in Figure 3(a) are shown in Figure 3(b).
‘Many personé not éidse to the problem appear té Ee of the opinion h
that since the solar»protons originate at the sun they must arrive from
the direction of the sun. The evidence to date indicates that this
pic;uré is incorrect since for the most part, the particles arrive iso-
tropically. 'It appears, however, (Ref. 5) that in some cases the flux

18 anisotropic for the first l-2 hours after which 1t becomas {sotrople.

n

In all such ~ases probably less than 20 percent of the radiation dose
arrives during the period of anisotropy.
When one considers the total flux greater than 30 Mev (corresponding
- 2 _ i . )
to range of 1 gm/cm ) given in Tigure 2 for the periocd from 1936 through

1961, he must conclude that the radiation effects problem from sclar

protons for most items internal to the space vehicle other than humans

m

may b= quite small since this total flux is just about the level for

obtaining significant damage in the most sensitive semiconductor device

~J
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(i.e. solar cells). Unfertunatal:, insufficiant data have been obtained

s

on the enargt spectrum at low anergies to allow an accurate determination

he vehicle,

(3

of the effects on such sensitive items exiternal to

1.

Goomannetically Trarged Radiasting

The radiation in space which appears to present by far the moét
difficult problem from the radiation effects viewpoint and is of the
“most immediate concern is that which is trapped in the magnetic field
6f ﬁhé earth. 1ﬁcluded ére the protons and electroﬁs which constitute
the natural Van Allen btelt along with the electrons injected as a re-
sult. of the July 1962 high-altitude nuclear detecnation,

Matural Padiation Pelt - The natural geomagneticaliy trapped radi-

irst detected by the instrumentation on the Explorer I,
Subsequently, it has been studied by the use of radiation detectors on
virtually all the suéceeding satellites.

L .

This radiation consists of charged particlas (protons and electrons)
frapped-along the linés of force in the earth's magnetic field. The
early picture {(Ref. &) of the t;appéd radiaticn was as shoun in
where the contour linés represent the counting rates obtained with Geiger
e

counters flown in Explorer IV and Fionsers II1 and IV, Tlue picture was

1 with the

[}

of two belts extending in doughnut fa

-

~izn avound the eart
inner,beif being composed of both protons and electrons and the outer
belt predominarntly of electrons.

Over the course of time as a2 result of numerous space experiments,

cture has evolved into the one illustrated in Figurs 5 (based on

[

t
v

i

8
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\

‘aach of the components illustrated extands cver

both hemispheres and must be rotated about the vertical axis to give

the thine dimension;l picture, The datz on the right for protons gréater
than 30 Mrv and elactrons gvarctz- than 1.6 Mev are seen to correspond
with the .lcture given in Fipgure 4, However, it 1is seen that when one
considers the data prasentad o% the left for protons betwszen 0.1 Mev and

5 Mev and for electrons greater than 4° ¥-v, it is no longer proper to

W

K of‘two distinc;rbe;ts having difierent particle compositions,
Indeed, it is apparent that the two belt concapt came as a result of tl«¢
high éhreshold of the detectors used,

Thé charged pafticles which are trapped in the magnetié £ield spiréi
along the lines of force with one of the constants of the motion being

represented by
<: 2 L2
SN e _ Sn"€, . conetant

.H

where © i3 the anple between the particle velocity and the line of force
& P b

“andé H is the field strength with the subscript, o, referring to the

equatorial plane. As the particle travels in a spiral about the magnetic

‘field line toward higher latitudes, it travels into a converging field

resulting in an increase in H and, hence, an incrzase in pitch angle, @,
When @ reaches 90 degrees the particle is reflected, again spiraling
about the line of force until reaching the corresponding point in the

opposite hemisphere where it is again reflected. It is seen that the

smaller the pitch angle in the eguatorial plane, the deeper into the
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atmcsphéfe will be tha ﬁoint of re?lﬁéticn {mirrer point)., Conseguently,
those particles having small pitch angles will be absorbed leawing the
rﬁdidticn at allrgoints pegked in the directicns perpendicular to the

o4

lires of force with the peaking more pronocunced at high latitudes,

115 Mmdghakis Figld BAs & gFadient Ac¥ass ERe limes

orce as well as along them, there exists a particle drifc in longi-
tude, This drift, to the east for negatively charqed particles and to
the wééthfor positively charged particles, is caused by the change in
thé radius of curvature of the particle motion along a single rctation.
This being the case, regardless of the point of iniection, in time the
faﬁiation spreads arouna‘the earth,

In'carrying out  this motion, the particle will remain along lines

B B Tt

of force exhibiting field stfengths corresponding to those along the
origina; iine{ ‘Since'the earth's magnetic f£ield is not 2 trgg dipole,
the particles’'will vary in altitude as they circle the earth and con-
.sequcntl§ the altitude of the bottom of the radiation belt will be a
ﬁunction of longitude. This wariation whish is often neglected when

determining the radiation to which a vehisle will be subjected is shown

in T4
1 - A

N

ure (taken from Reference 8). Iliers the geographical latitude

He

ititudes

i

2rd longitude for the gecmagnetic equator are shown with the
< T
Zhe bzlt bottom in the geomagnetic equatorial plane. 1t is seen that
a variation of as much as A-1000Km exists in the altitude of the belt
tottom from one longitude to another. This could reésult in a signifi-

cant error if not considered. As a result of the expansion of the

10.
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“the belt bottom also varies with tim

luring solar nmawminmum, the height of

atmnephnre from increased heating I

-

[©]

1

TSz oonly practical way which has been developed (Ref. 9) for con-

sidering the variations in the earth's field is to represent bnth the
*-p*wll éiétﬁsi.‘gﬁﬁma 6f tha radidtign and Ehe 5;05@;«;—; E¥Aajeckary $n Cha
”natﬁral” gecéegnetic coordinates, B and L, where is the magnetic
field strength ard L designates th? magnetic shell on which the particle
tfavelsias it drifngin lonéitude. Numeri;ally, L is equal to the dis-
tence from the earth's center (in earth radii) to the shell if the field
were an ideal dipole.

FThg two belt concepf does persist with a different distinction te-
tween the belts then in the original case. The distinctive characteristic

of the inner belt is its stability with time whereas the outer belt under-

goes orders of magnitude changes in intensity within times of the order

“of days -r even hours. An L value of about 2 seems to form the dividing

pdiné between Ehe belgs."
The energies cof theitrggped protbnsfextend t04hundreds‘of Mev,
Measuréﬁents have been made of the spectra of the penetrating protons
in thé inner ?one. Freden and ﬁhite (Ref. 10) found the éroton spectrum
betwesn 735 lev and 700 Mev at altitudes of A/lOGOAto 1200 ¥m and L = 1.4
to be of the form
-1.3

N(E,)dE x KEp  dE

where K is a constant and Ep the proton energy. This expression has

f—
et
.



received wide usage. At lower energies (<10C Mev), the spectrum has
“been found by Mangle 2and Kniffen (Ref, 11) to bacome systematicailw

ofter with increasing L. MclIlwain and Pizzella (Ref. 12) have since

om

analyzed Explorer 1V data to cltzin an cxpression for this variation

¢
3

8] The erpressisn

)
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 whish Eite ethier measuremants ro~sapably eus ke L Az

is
Es/.
- /s t‘a —
i = (constapt) & dE
EP A
ith ‘
-(5.2t0.2)

E, =(z0628)L Mey

The shape cf the Freden and White spectrum is compared in Figure 7

"with the integrated spectrum frem the Zailey "typical” flare. It is

ol

Ry DR R

noted thit the trapped protons exhibit a much harder spectrum than those
resulting from solar flares, thus, presenting a much more formidable prob-
‘lem where shielding is required,

Very little is known about the energy spectrum of electrons in the

region of the inner belt (L <2). Several measurements have been made at

is situation 1is not ex-

=

low altitudes but the agreement is not -3¢
pected to improve soon since tche natural radiation is now masked by the

pregence <i :h

O

artificial elesctron telt which will be discussed in the

next section.

& goodly number of measurements have been made of the spegtrum of

L

impossible to speak of any one

[

- the outer belt elactrons,- Howaver, it i

spectral shape as the spectrum because of the large temporal variations

8}

1
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which are encountc?ed;. One sgeeﬁréllghape Abgained by O'Brien et al
(R2f. 13) is compared in theynexg section (Fig. 10) with that of the
artificial beit of eiectrons.i

The naturélly‘o;cuffing trapped electrons are, fbr-thé;moét part,
low enoﬁgh in energ?vsa that they are rasadily gtopped with only the re-
sulting brgmsst;ahlunév£adia£ion presenting a radiation hazard internal-
to the vehicle., The prétons, however, exhibit a relatively flat spec-
trﬁﬁ aﬁd can present é problem intérnal as well as external to a space
vehicle, As is the case for solar protons, the low energy speétrum is
" not well enough known to allow an accurate prediction of the effects on
 sensit£ve comﬁonéﬁts such as‘éélar ceils external to a vehicle.

Artificial Radiation Belt - On July 9, 1962 a nuclear device was

‘;detoﬁated at high altitude over Johnson Island in the Pacifie, - This -
explosioﬁ (code Samed Starfishj prqduced>a.belt of‘eléctrons which;
Ctrapped in the same m;nner as the particles in the natural belt, en-
civeled the earth,

The spatial diséribuﬁiqn of these particles at a time about one
week after the explosion was according to Hess (Ref, 15) as shown in
Figure 8; Here ﬁhe contou;s o% the artificial felt.are shown along with
those for the high energy naturally occurring protons for comparison,
The peak fluxes ére seen to be higher than those for the natural electron
belts (Seé Fig. 55..'t |

. It is noted from Figure 8 that the high intensity regions of the

artificial belt extended to considerably lower altitudes than do .those

13,
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-with that measured in the outzi n=

an incidant fission electron

e mm e o et o e e e bt e ¢ ge m e e mn

of the natural belts, resulting in,a hazard to vehicles which were ce-

~sipned to fly in orbits which were free of significant radiation provlems,

This hazard is illustrated in Fipure 9 which shows the flux contours at
an altitude of 400 Km (Ref., 15). Here we see substantial fluxes of

particles at anm altitude which previous to the Starfish explosion was

esscntidlly free of significant radiaticn hazards. The high fluxes at

this altitude are a result of the South Atlantic anomaly in the earth's
maznetic field.

The spectrum of the electrons generated by the bomb should be essen-

- 235 .
tially that of electrons from the fission of U °,  This spectrum hzs

® B

been determined (Ref. 16) to be given by

B ‘ -0.S7SE-0.055 %
N(E)dE = 3.88 ¢ |

T

or & batween 1 and 7 Mev., Ficure 10 i3 a comparison of this spectrum

=ho-

T

ural electron telt by O'Brien et al

(hef, 12), Tue relative intensities in the plot have no meaning. It

tificial belt are, on the whole,

r{-

trat the electrons in the a

much mors enargetic ranging to as high a&s 6 or 7 Mev and, herce, more
penetrating.
The results of calculations, by the author, of the dose due to

penetrating electrons and bremsstrahlung behind aluminum shields for

e .

spectrum normalized to one electron/cm

incident are shown in Fisure 11. It is seen that the penetrating elec-

- trons constitute the major portion of the dose for shield thicknesses

14
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~ -. Figure 1l. Shielding Effectiveness of Aluminum for Fissions Electron Spectrum
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carakilitwn nf the vodiqeion and Ehe vl

may be cabegorized, in 2 broad sense, into grcups based an the nature of

the rad{stimn £nir

epvironment for inter-

upon the manner in which

A 2T oy % 3 -
e other hand, is

ectric propulsion,

i

radiation.. Curves of
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categories er. In the high thrust case, the nroblem is
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year period. Contracting or expanding

that resvlting from solar protons while in the ¢ se of the low thrust

4

trajnectory the tra ped radiation presents the majdr preblem, The dif-
ference, of course, arises not through any difference in the solavr
proten or galactic cosmic ray environments but from the difference in
expasure time in the Van Allan belt,

another source of radiation which may be a factor in interplanetary

migsions but has not beén included in the abtove considerations is the

existence of radiation belts surrounding other planets.

Orbital ¥Missions - The nature of the radiation problem for orbital

missions in the tegiOn'occﬁpied by the natural trapped radiation helt is

indicated in Fipure 14, Here, the missions may be divided into two

‘gencral cztegories (1) those utilizing equatorial orbits and (2) those

calling for polar orbits, The curves in Figure 14 are based con a one

this period would only change the

absolute magnitude of the components., The shaded areasindicated for the

.Van Allen belt radiation ave vepresentative of the variation of intensity

over altitudes from ~.000 to .~-7500 Km.

e !

-

1e Van Allen belt is seen to present the major problem for these

5

missions., The chief difference in the radiation environment for the

prolar orhit as opp@séd to the equatorial s¥lit is the disappeérance of
the solar proton radiaticn in the latter cases. This, of course, is due
to the shialding afforded by the earth's magnetic.field, as is the vari-
ation noted for the ga.actic cosmic radiation.

Naturally, all orbital operations need not be in the regions between

-

A~-7500 ¥m. For orbits at higher altitudes the shiélding

[N

~- 900 an

17.
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™

¢ illustrated in Figure 13{a) while

1LCaYy and 1401

Wl -~ By 1-" 1
tho<z zhown in Figur

Ay
mn

<7

Van Allzn conponent removed,

Conglusions
It is obvious that regardless of its mission any spacecraft will be

subtj

to a radiation envircnment. Since the geomagnetically trapped

tadiation is confined to a relatively small region of space which can be

(4]

rapidly traverss

¢

by'high-thrust vehicles, it presents the principal
raediation problem onlyvfdr‘vehiéles orbiting.in’tﬁat_region‘érlfor low~
thrust vehicles spiralling out through the region, Howewver, the radiation
'envifohmeﬁt prééenteq,tp.such vehicles 1s the mest severe that will be

encountered as a result of the indigenous radiatioen.

3

he solar cosmic radiation which is the dominating radiation environ-

/
ment for dazep space vehicles which traverse the trapped radiation belts
; ~ A
- rapidly is still not completely defined or understocd. The short period

»

of time over which these events have buien chserved does not allow complete

3

confidance in statistical treatmant o

tha prablem which must be used or
(”', N N

in the maximum possible siée of future events, ihe definition of this
thironment as well as that of the g;omagnetically trapped radiation
will doubtlessly undergo several more parturbations before final under-
standing is achieQed;

The galactic cosmic radiation is the most well defined of.thé
natural radiation components but, as would be the case, presents little

or no problem from the radiation effects point of view.

18,




The arzificial electron belt which resulted from the July 1962

1

on until

[

rom the time of Fformat
nowv presented a severe radiation environment in an area which previously

ractically free cf all radiation. Deray of the belt, howevaer, is

"

was

aking place continually son that its presence will become less and less
important, -

In geperal, it can be said that the major radiation efifects problems

from the indigenous radiations in space will be with items on or near th

2]

~fac

[

of venicles, Unfortunately, insufficient dats have been gathered

on the low anergy spectra of the various components to make an accurate

assessment of such problems possible at this tiae.
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